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Abstract:

Introduction: Vertebral compression fracture incidence is rising with the growth of the geriatric population and is one of
the leading disabilities in healthcare. However, the literature is conflicted on the benefits of vertebral augmentation versus
nonoperative care for these fractures. The purpose of the current study was to perform a review of all meta-analyses in the
literature comparing vertebral augmentation to nonoperative care and descriptively report the results.

Methods: A review of all meta-analyses evaluating trials of vertebral augmentation compared with nonoperative care was
performed. The primary outcome studied was pain. Secondary outcomes were quality of life (QoL) metrics and functional

outcomes.

Results: Ten studies met the inclusion criteria. Besides two sham procedure studies, the remaining literature concluded
that vertebral augmentation was superior to nonoperative care for reducing back pain. The reporting of secondary outcomes,
such as QoL metrics and functional outcomes, was heterogeneous among the studies. Studies that reported these secondary
outcomes, however, did identify some early benefit in vertebral augmentation.

Conclusions: The current literature suggests vertebral augmentation is more effective in improving pain outcomes com-
pared with nonoperative management. While more studies are needed to conclusively assess vertebral augmentation’s effi-
cacy in improving functional outcome and QoL, the meta-analyses surveyed here suggest that at least some benefit exists

when assessing these two outcomes.
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Introduction

Vertebral compression fractures (VCFs) are the most com-
mon type of fractures seen with osteoporosis. While only
30%-40% of VCFs are symptomatic, the resulting back pain
can severely limit a patient’s ability to perform activities of
daily living".

Percutaneous vertebral augmentation (PVA) is an inter-
vention used to treat osteoporotic or pathologic VCFs. Two
types of PVA are used: vertebroplasty (VP) and kyphoplasty
(KP). VP involves the injection of cement into the affected
vertebral body, while KP involves the inflation of a surgical
balloon to create a cavity and, in some cases, correct the de-
formity prior to cement injection. Risks of PVA include di-
rect nerve injury, cement extravasation, bleeding, and em-

bolic events®.

The goal of PVA is to stabilize the fracture to manage the
debilitating symptoms associated with VCFs, and, with KP,
improve the deformity, if possible. Retrospective studies
have shown that both KP and VP provide effective pain re-
duction in patients suffering from VCFs**.

In 2009, two randomized controlled trials (RCTs) pub-
lished by Buchbinder et al. and Kallmes et al. in the New
England Journal of Medicine reportedly showed that VP had
no benefit over a sham procedure in patients suffering from
back pain, presumably due to VCFs™. Since then, the role
of VP and PVA in treating osteoporotic VCFs has been con-
troversial. A systematic review published in 2012 by Maturi-
tas studying RCTs concluded that PVA provided significant
pain relief compared with placebo or nonsurgical manage-
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through PubMed

(n=157)
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Did not exam efficacy and/or
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(n=45)

Full text review of meta analysis comparing PVA
to nonsurgical treatments or placebo

(n=12)

Excluded
- Included non PVA surgical
procedures (n = 1)
- Not a meta-analysis (n = 1)

Meta-Analysis that met the inclusion criteria
(m=10)

Figure 1. This figure displays the methodology used in

the literature search conducted for this review.

ment”. However, it should be noted that the trials that re-
ported benefit in PVA did not use sham controls, while
Buchbinder and Kallmes™” did use sham controls. As of Au-
gust 2017, in the past 2 years no trials that assess PVA out-
comes were reported. The objective of this review is to pre-
sent and discuss the findings of meta-analyses that have ex-
amined the question of PVA efficacy in treating of VCFs,
due to the lack of consensus on its efficacy.

Materials and Methods

Meta-analyses available in English full text on PubMed
that examined human trials comparing the efficacy of PVA
(VP, KP, or both) with placebos or nonsurgical management
were included for review. The primary outcome examined
was pain scores. Secondary outcomes included quality of
life (QoL) and functional scores.

The following search terms were used in PubMed to ob-
tain our studies:

(“vertebral augmentation” [All Fields] OR (“vertebro-
plasty”’[MeSH Terms] OR “vertebroplasty” [All Fields])) OR
(“kyphoplasty” [MeSH Terms] OR “kyphoplasty” [All
Fields]) AND (Meta-Analysis [ptyp] AND “loattrfull text”
[sb] AND “humans” [MeSH Terms] AND English[lang])

Results

Description of studies

The search yielded 57 studies that reviewers checked for
inclusion by reading through the studies’ abstracts. 45 were
excluded because they either did not compare PVA to non-
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surgical treatments or placebo or because they did not exam-
ine efficacy. The remaining 12 studies underwent full text
review. One study was excluded for including non-PVA sur-
gical procedures in its meta-analysis, while another was ex-
cluded because it was not a meta-analysis. The 10 remaining
meta-analyses were reviewed and discussed. All 10 studies
included were meta-analyses of prospective trials examining
the efficacy of VP, KP, or both compared with control co-
horts. A summary of the inclusion and exclusion process is
shown in Fig. 1. Of the 10 meta-analyses, three compared
both VP and KP against control cohort*'” and seven com-
pared VP to control cohorts'"”. Characteristics and findings
of the 10 studies are summarized in Table 1. When com-
bined, the 10 meta-analyses examined a total of 22 trials.
The distribution of these trials among the 10 meta-analyses
is shown in Table 2.

Of the 22 trials, three used sham surgical procedures as
their control groups. These studies are marked in Table 2.
The remaining 18 studies used nonsurgical management as
their control groups.

Pain outcomes

All three meta-analyses that compared PVA with control
concluded that PVA provided a statistically significant im-
provement in pain outcomes compared with controls. Of the
seven meta-analyses that compared only VP with control,
two concluded that no statistical difference in pain outcomes
could be seen between VP and control group™”. The re-
maining five all concluded that VP reduced pain signifi-
cantly more than in control groups'"'"*'?.

Functional outcomes

Of the three PVA meta-analyses, one examined functional
outcomes and concluded that PVA afforded significant im-
provement in functional outcomes compared with controls®.
The two VP meta-analyses that reported on functional out-
comes both concluded that no difference in functional out-
comes existed between VP and control groups™".

QoL outcomes

QoL measurements include pain-related disabilities, Euro-
pean Quality of Life-5 Dimensions, Quality of life Question-
naire of the European Foundation for Osteoporosis, and
Roland-Morris Disability Questionnaire®™'”. Only two out of
the three PVA meta-analyses studied QoL; both found that
PVA provided statistically significant better outcomes. There
were three VP meta-analyses that studied QoL, two con-
cluded PVA led to significantly better QoL, while one found
no statistically significant difference in QoL outcomes.

Discussion

PVA, including both KP and VP, is frequently used to
treat acute VCFs; however, there has been recent contro-
versy over its efficacy. In 2009, two RCTs published by
Buchbinder et al. and Kallmes et al. concluded that VP
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Table 1. The Key Findings in the Meta-analyses Examined in This Review.
. Total . .
Year Studies  Treatment Pain Functional QoL .
Authors - cases Conclusion
published (n) compared ) outcomes outcomes outcomes
Yuan et al.¥ 2016 10 PVA 1254 Favors Favors Favors PVA improves pain and func-
PVA*** PVA#*** PVA*** tional outcomes compared with
controls
Mattie et al.'? 2016 11 PVP 1048 Favors NR NR PVP exceeds controls in pain
PVP} outcomes at 1 year
Lietal.” 2015 8 PVA 987 Favors Favors Favors PVA improves pain and QoL
PV A### PVA* PVA* significantly more than do
controls
Buchbinder et al.'? 2015 12 PVP 1458 Not Not Not No improvement in clinical
significant significant significant ~ outcomes with vertebroplasty
over sham procedure
Chen et al.'® 2015 5 PVA 777 Favors NR NR PVA significantly improves
PVAYt pain outcomes compared with
nonsurgical management
Tian et al.'® 2014 5 PVP 1057 Favors NR NR Statistically ~significant im-
PV A provement with PVP in pain
outcomes over conservative
treatment
Liu et al.'¥ 2013 5 PVP 577 Favors NR NR PVP has moderate benefit over
pVp##E* controls for pain outcomes
Anderson et al.'> 2013 6 PVP 612 Favors Favors Favors Greater improvement in pain
PVP¥ PVP} PVP} outcomes, function, and QoL
seen in PVP compared with
nonsurgical treatment
Shi et al.'® 2012 9 PVP 886 Favors NR Favors Greater improvement in pain
pVPpHiEE PVP* outcomes and QoL seen in
PVP vs. controls
Staples et al.!” 2011 2 PVP 209 Not Not NR Results fail to show that pa-
significant significant tients would benefit from PVP

compared with placebo

Abbreviations: *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, *****p<0.00001, tReported CI, NR=not reported
PVAs=studies including both kyphoplasty and vertebroplasty versus nonoperative care; PVP=vertebroplasty-only studies versus nonoperative care.

showed no benefit to patients suffering from back pain com-
pared with outcomes from a sham procedure control
group™®. These studies likely went on to influence practices,
with the American Academy of Orthopaedic Surgeons not-
ing that evidence supporting kyphoplasty in treating VCFs
was limited but issued a strong recommendation against ver-
tebroplasty’. The purpose of our study is to re-examine the
conclusions set forth by Buchbinder and Kallmes in the con-
text of other meta-analyses comparing PVA with nonopera-
tive care. A total of 10 meta-analysis were examined, three
comparing PVA with nonoperative care, seven comparing
VP-only with nonoperative care. Of the 10 meta-analyses, 8
studies concluded that either PVA or VP conferred better
pain outcomes than nonoperative care. Of the two that did
not, one was Buchbinder et al.’s 2015 assessment that con-
cluded that RCTs that did not use a sham procedure control
were subject to bias. Therefore, less weight was placed on
RCTs that did not use sham procedures. The other, by Sta-
ples et al., only included the two aforementioned studies by
Buchbinder et al. and Kallmes et al'”. Both Buchbinder et
al. and Kallmes et al.’s rationales were that a sham proce-
dure was the only proper control for a RCT studying the ef-
ficacy of VP.

There are concerns with this approach. First, using only
two studies greatly diminishes the power of Staples et al.’s
meta-analysis. Second, a study published in 2015 by Guo et
al. in the Public Library of Science noted that, while sham
procedures such as the one documented by Buchbinder et
al.” and Kallmes et al.” are intended to be used as a control,
they are still invasive procedures that can contribute a pla-
cebo effect in patients suffering from VCF-induced pain®™.
When vertebroplasty and sham procedure groups were con-
sidered together with other surgical procedures, pain out-
comes were significantly better than those seen in nonsurgi-
cal management. Third, the inclusion criteria used by
Buchbinder et al. and Kallmes et al. in their respective
RCTs are concerning. Both studies included patients with
back pain but failed to describe whether the back pain was
confirmed to be caused by VCFs through clinical examina-
tion, the acuity of the fractures through history or advanced
imaging (MRI and/or bone scan). Neither MRIs nor bone
scans were performed at any time, either during preproce-
dure in assignment or postprocedure, to determine whether
the polymethylmethacrylate had extravasated or new frac-
tures had developed. The entry criteria were back pain and
plain radiographs demonstrating a VCF. However, the latter
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Table 2. The Trials Analyzed by the 10 Meta-analyses Included in This Review.
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could have occurred at any time and/or completely healed
and just incidental. The back pain could have been from
many other causes. Also, without examining the patient they
would not know if the pain was even at that location. Thus,
there is a risk that patients who did not suffer from pain due
to VCFs or patients with chronic/healed fractures were in-
cluded, thus confounding pain outcomes. Moreover, the
studies exhibited crossover rates toward VP as high as 47%.
Moreover, 40%-60% of patients who were truly eligible for
these studies did not participate, thus bringing the generaliz-
ability of their findings into serious question. Flaws existed
in their statistical analysis as well. Kallmes et al. changed
their power analysis to compensate for low enrollment in the
middle of their study. Similarly, Buchbinder et al. used a
power analysis for multicenter studies, while roughly 70%
of their patient sample came from a single center. Taken to-
gether, inadequate sampling, failure to perform physical ex-
ams and obtain proper imaging studies, and questionable
statistical methods cast further doubt on the findings pub-
lished by Buchbinder et al. and Kallmes et al. Furthermore,
despite the findings published by Buchbinder et al. and
Kallmes et al., Kallmes found that physicians, including
him, have continued to offer patients with back pain secon-
dary to VCFs PVA™.

While this review focused on meta-analyses of prospec-
tive studies on VA, retrospective studies supporting VA use
exist as well. One such study examined patients diagnosed
with osteoporotic VCFs between 1993 and 2006 and found
that VA afforded a survival advantage over VCF patients
treated with conservative management”. Another single-
center retrospective study examining healthcare costs found
that while VA hospital stays cost more than medical man-
agement, VCF patients managed conservatively were subject
to higher readmission rates than patients treated with VA",
These studies, while retrospective, further support VA as an
efficacious and cost-effective means of treating VCFs.

Limitations

This review is limited by the weaknesses inherent in the
included meta-analyses. Most of the meta-analyses studies
noted significant heterogeneity among the controlled trials
that they examined. Moreover, while all meta-analyses ex-
amined pain, functional outcomes and QoL scores were not
uniformly assessed in all studies. QoL, specifically, is a use-
ful tool to assess how patients themselves perceive their
level of functionality and it is important to begin to uni-
formly assess this. QoL assessment tools, such as the As-
sessment of Quality of Life scales may offer additional in-
sight into patients’ daily lives and provide a patient-centered
measure of VA’s efficacy when employed in future trials™.
Different time point studies (length of follow-up) by each
meta-analysis and the bias inherent in choosing which trials
to include or exclude also contributes to this heterogeneity.
In any case, more controlled trials are needed to conclude
whether PVA can improve pain, function and QoL in pa-
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tients suffering from VCFs.

Conclusion

Despite limitations, the current literature suggests verte-
bral augmentation is more effective at reducing pain com-
pared with nonoperative care. Both prospective and retro-
spective studies support the use of PVA over nonsurgical
management. Moreover, by failing to discern the source of
their subjects’ back pain and inconsistent sampling and sta-
tistical analysis, Buchbinder et al. and Kallmes et al. cannot
objectively conclude that VP offers no advantage over a
sham procedure. Furthermore, their failure to provide ade-
quate preoperative and postoperative monitoring for their pa-
tients does not meet standards of evidence-based medicine.
While more studies are needed to conclusively assess verte-
bral augmentation’s efficacy in improving functional out-
come and QoL metrics, the meta-analyses surveyed here
suggest that at least some benefit in these two outcomes.
The papers surveyed in this study represent the current best
evidence that should be used to provide individual care pa-
tients suffering from VCFs. Thus, our review demonstrates
that VP and KP are procedures with proven efficacy in af-
fecting clinically relevant patient outcomes and are therefore
not only acceptable but effective strategies in managing
acute VCFs.
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